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Change detection is the process of identifying differences in the state of an object or phenomenon by
observing it at different times. Essentially, it involves the ability to quantify temporal effects using
multi-temporal data sets. Because of the availability of the image in a regular interval and consistent
image quality, the imageries acquired by the Earth-orbiting satellite are being used for detecting several
changes such as land change analysis, urban extension mapping and monitoring, crop monitoring,
assessment of deforestation, the study of the seasonal vegetation changes, disaster monitoring, tracking
the glacier and snow cover dynamics and other environmental changes etc. The author proposed a method
to automatically detect land cover/use change and in addition detect change pattern from radar and optical
satellite images.

In the first part of this thesis, the author proposed supervised and unsupervised change detection
methodologies focused on the analysis of multi-temporal SAR images. These approaches are based on three
main steps: (1) a comparison of multi-temporal image was carried out by the normalized difference ratio
(NDR) operator; which is using in this work for the first time in the SAR image and appear to be better than
any other change image generation approaches currently in practice, (2) implementing a novel supervised
or unsupervised thresholding and (3) generating the change map by coupling of thresholding along with a
region growing algorithm. In the first step, the two filtered multi-temporal images were used to generate
NDR image that was subjected to analysis. In the second step, by assuming a Gaussian distribution in the
no-change area, the author identified the pixel range that fits the Gaussian distribution better than any other
range iteratively to detect the no-change area that eventually separates the change areas. In the supervised
method, several samples no-change pixels were selected and the mean (p) and the standard deviation (o)
were obtained. Then, p+3c was applied to select the best threshold values. Finally, threshold values
obtained in previous step (step 2) was modified and implemented with the coupling of the region growing
algorithm to consider the spatial information to generate the change map. The effectiveness of the proposed
methods was verified with the simulated images and the real images associated with geographical locations.
The results were compared with the manual trial and error procedure (MTEP) and traditional unsupervised
expectation-maximization (EM) method. Both proposed methods gave similar results with MTEP and
significant improvement in Kappa coefficient in comparison to the traditional EM method in both
geographical locations. The coupling of the modified thresholding with the region growing algorithm is
very effective with all methods.

With the advancement of the SAR technology, in addition to the single polarized SAR images, dual and
(quad) fully-polarized SAR (PolSAR) images are available. The fully PoISAR images allow the generation
of several very useful pieces of information and descriptors. These descriptors could supplement the results
derived from single polarization images by adding several unique features, reflecting the complex nature of
man-made structures that could be sensitive to different types of changes in urban environments. In this part
of the study, the author had the opportunity to identify the best pairs of complementary components of these
polarimetric descriptors as well. Thus, the objective of this study is twofold: first, to identify the most
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effective descriptors for each change type and ascertain the best complementary pairs from the selected
polarimetric descriptors; and second, to develop an information fusion approach to use the unique features
found in each polarimetric descriptor to obtain a better change map for urban and suburban environments.
The effectiveness of each descriptor was assessed through statistical analysis of the sensitivity index in
selected areas and through change detection results obtained by using the supervised thresholding method.
A good agreement was found between the statistical analysis and the performance of each descriptor.
Finally, a polarimetric information fusion method based on the coupling of modified thresholding with a
region-growing algorithm was implemented for the identified complementary descriptor pairs. The
mapping accuracy, as measured by the Kappa coefficient, was improved by 0.09 (from 0.76 to 0.85) with a
significant reduction of false and missing alarm rates compared to single polarimetric SAR images.

While SAR images are very good for change detection, they are not able to delineate the proper shape
of the change area. Thus, in order to overcome such limitation, a SAR and optical information fusion
approach is used. Several data fusion techniques are available which allow better analysis and interpretation
by making use of complementary information obtained from multiple sensors. In this study, a change
magnitude image is generated through change vector analysis (CVA) based SAR and optical information
fusion and segmented the change no-change area using thresholding. The fusion is motivated to use the
complementary information without losing the inherent information that comes from either SAR or optical
images for better change detection. Specifically, it is expected to improve the sharpness of the detected
feature, or be able to detect the changed features that were otherwise not possible from a single data source.
Thus, a SAR and optical data integration framework for change detection and a relationship for automatic
change labeling were developed and deployed in this part of the study. It was carried out in three steps:
(i) Computation of two indicators from SAR and optical images, namely: normalized difference ratio
(NDR) from multi-temporal SAR images and the normalized difference vegetation index difference (NDVI
difference) from multi-temporal optical images, (ii) computing the change magnitude image from NDR and
NDVI difference and delineating the change area and (iii) the development of an empirical relationship,
for automatic change labeling, in between NDR and the NDVI difference while changing a land use/cover
feature from one type to another. The experiment was carried out in the outskirts part of Ho Chi Minh City,
one of the fastest growing cities in the world. The improvement of the change detection results by making
use of the unique information on both sensors, optical and SAR, is also noticeable with a visual inspection
and the kappa index was increased by 0.13 (0.75 to 0.88) in comparison to only optical imageries. The
empirical relationship between the response of surface feature to optical and SAR imagery has successfully
delineated six changed classes in a very complex urban sprawl area that was otherwise impossible with
multi-spectral optical imagery.

While summarizing all the works done in this study, change detection from multi-temporal SAR images,
PoISAR images and optical and SAR information fusion for automatic change pattern detection was done
independently.
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